Glutamatergic neurotransmission within the brain's reward circuits plays a major role in the reinforcing properties of both ethanol and cocaine. Glutamate homeostasis is regulated by several glutamate transporters, including glutamate transporter type 1 (GLT-1), cystine/glutamate transporter (xCT), and glutamate aspartate transporter (GLAST). Cocaine exposure has been shown to induce a dysregulation in glutamate homeostasis and a decrease in the expression of GLT-1 and xCT in the nucleus accumbens (NAc). In this study, alcohol preferring (P) rats were exposed to free-choice of ethanol (15% and 30%) and/or water for five weeks. On Week 6, rats were administered (i.p.) cocaine (10 and 20 mg/kg) or saline for 12 consecutive days. This study tested two groups of rats: the first group was euthanized after seven days of repeated cocaine i.p. injection, and the second group was deprived from cocaine for five days and euthanized at Day 5 after cocaine withdrawal. Only repeated cocaine (20 mg/kg, i.p.) exposure decreased ethanol intake from Day 3 through Day 8. Co-exposure of cocaine and ethanol decreased the relative mRNA expression and the expression of GLT-1 in the NAc but not in the medial prefrontal cortex (mPFC). Importantly, co-exposure of cocaine and ethanol decreased relative expression of xCT in the NAc but not in the mPFC. Our findings demonstrated that chronic cocaine exposure affects ethanol intake; and ethanol and cocaine co-abuse alters the expression of glial glutamate transporters.
Introduction
A meta-analysis study revealed quantitatively that cues associated with ethanol and cocaine dependence activate common brain region (Kuhn and Gallinat, 2011) . Studies, conducted on in-patients, showed that there is a high concurrence of ethanol dependence in patients diagnosed with cocaine dependence (Miller et al., 1989) . A large portion of cocaine-dependent patients has also been reported to counteract cocaine-withdrawal symptoms with ethanol (Magura and Rosenblum, 2000) . Furthermore, relapse to cocaine and/or ethanol intake was higher in individuals with co-abuse problems (Fox et al., 2005) . In addition, the cocaine reinforcing effect was found evident in high ethanol drinking rats compared to low ethanol drinking rats (Stromberg and Mackler, 2005) .
Glutamatergic neurotransmission in the mesocorticolimbic circuit has been found to mediate the reinforcing properties of drugs of abuse [for review see ref. (Adinoff, 2004) ]. The altered glutamatergic efferent of the medial prefrontal cortex (mPFC) into the nucleus accumbens (NAc) contributes significantly to compulsive drug-seeking behavior (Riga et al., 2014) . Importantly, alteration in postsynaptic glutamate clearance facilitated chronic drug use and drug-seeking behavior (Fujio et al., 2005; Melendez et al., 2005; Knackstedt et al., 2010b; Das et al., 2015) . Extracellular glutamate concentration was increased significantly following ethanol exposure in the NAc (Dahchour et al., 2000) and the ventral tegmental area (Ding et al., 2013) in rat animal models. Similarly, non-contingent cocaine exposure increased extracellular glutamate concentrations in the NAc (Gass and Olive, 2008) .
The extracellular glutamate concentration is tightly maintained within the physiological range through glutamate transporters/ antiporters. Glutamate transporter 1 (GLT-1), one of the five subtypes of amino acid transporters, contributes to clearing the majority of this extracellular glutamate (Danbolt, 2001) . In contrast, glutamate-cystine exchanger (xCT) contributes to extracellular glutamate through pumping out glutamate in exchange for cystine (Bannai and Ishii, 1982; Bannai et al., 1984) . Studies from ours and others have reported that GLT-1 was downregulated in the NAc following exposure to several drugs of abuse, including ethanol and cocaine (Ginsberg et al., 1995; Danbolt, 2001; Knackstedt et al., 2009; Sari and Sreemantula, 2012; Fischer et al., 2013; Shen et al., 2014) . Importantly, a study from our laboratory showed that sequential exposure to ethanol and repeated high dose methamphetamine caused additive downregulation of GLT-1 in the NAc than either drug exposed alone (Althobaiti et al., 2016) .
Repeated cocaine exposure has been shown to reduce xCT activity and reversal of this activity by pretreatment of N-acetylcysteine prevented compulsive cocaine-seeking (Madayag et al., 2007) . In addition, chronic consumption of ethanol downregulated both xCT and GLT-1 expression in the NAc (Alhaddad et al., 2014; Das et al., 2015) . Therefore, we hypothesized that non-contingent cocaine exposure during continuous ethanol drinking might have an augmented effect on the expression of glutamate transporters in mesocorticolimbic regions of alcohol-preferring (P) rats. Moreover, little is known about the expression level of glutamate transporters following repeated cocaine exposure and continuous ethanol drinking. In this study, we proposed to test the effects of repeated cocaine exposure and withdrawal on ethanol free-choice drinking and expression of glutamate transporters in both the NAc and mPFC of P rats.
Materials and methods

Subjects
Male P rats were obtained from Indiana University, School of Medicine (Indianapolis, IN, USA) at the age of 21-30 days, and housed in the Department of Laboratory Animal Resources, University of Toledo, Health Science Campus. At the age of 75 days, rats were individually housed in a plastic corncob bedding tubs and had a free access to food and water ad lib. The room temperature was maintained at 21°C and 50% humidity with a 12-hour light-dark cycle. All animal procedures were in compliance and approved by the Institutional Animal Care and Use committee of The University of Toledo in accordance with the guidelines of the Institutional Animal Care and Use Committee of the National Institutes of Health and the Guide for the Care and Use of Laboratory Animals.
Behavioral drinking paradigms
Time-line, for voluntary ethanol drinking and repeated cocaine exposure and withdrawal, is illustrated in Fig. 1 . Rats were exposed to voluntary home-cage three bottle drinking paradigm (free choice of ethanol 15% and 30% and water) for a period of five weeks. Introducing two concentrations of ethanol, along with water, has been shown to increase voluntary ethanol consumption level (Bell et al., 2006) . After the third week of drinking paradigm, ethanol and water intakes were measured three times a week for two weeks and used as a baseline. Ethanol and water intake measurements were expressed as g/kg/day. Animals, that drank b4 g/kg/day of ethanol, were excluded from the study in accordance to studies from our laboratory (Sari et al., 2011; Sari and Sreemantula, 2012; Sari et al., 2013) . On Week 6, P rats were randomly divided into four groups: 1) ethanol-naive (water control) group had continuous access to water only throughout the study and received saline vehicle injection (i.p.); 2) ethanol-saline group had continuous access to ethanol and water throughout the study and received saline vehicle (i.p.) injection; 3) ethanol-cocaine 10 mg/kg group had continuous access to ethanol and water throughout the study and received cocaine 10 mg/kg (i.p.) injection; 4) and ethanol-cocaine 20 mg/kg group had continuous access to ethanol and water throughout the study and received cocaine 20 mg/kg (i.p.) injection. Starting Day 1 of Week 6, one set of rats was given injections (i.p.) of either saline or cocaine for seven consecutive days and euthanized during repeated cocaine exposure (see Fig. 1 ). Second set of rats was given injections (i.p.) of either saline or cocaine for 12 consecutive days then deprived from cocaine for five days and euthanized at Day 5 of cocaine withdrawal (see Fig. 1 ). Euthanized time points were chosen to investigate the contribution of glutamate transporters expression to the decrease and normalization in ethanol consumption during cocaine exposure and cocaine deprivation, respectively. On Week 6, ethanol and water intakes were measured daily as g/kg of body weight/day. Weights of bottles were measured and the amount of intake was determined to the nearest tenth of gram by subtracting the obtained bottle weight from their previous day's value. Bottles were changed twice a week. We used two doses of cocaine: 10 and 20 mg/kg. The cocaine 10 mg/kg dose is sufficient to impart behavioral effect of cocaine (increased locomotion) in rats (Filip et al., 2003) . Previous study also demonstrated that repeated cocaine (20 mg/kg, i.p.) exposure resulted in altered glutamate transmission and clearance in striatum of rats (Parikh et al., 2014) . Moreover, withdrawal from repeated cocaine exposure (15-30 mg/kg, i.p.) blunted xCT activity, which in turn reduced extracellular glutamate concentration in the NAc of rats (Baker et al., 2003) .
Brain tissue harvesting
Rats were euthanized using carbon dioxide in two different time points (Day 7 of cocaine exposure and Day 5 of cocaine withdrawal) and directly decapitated using guillotine. Brains were then immediately placed on dry ice and stored at − 80°C. The mPFC and the NAc were then dissected using a cryostat apparatus set at −20°C. Brain regions were identified according to the Rat Brain Atlas (Paxinos and Watson, 2007) . Extracted brain regions were stored at −80°C for Western blot analysis. 
Western blot
Brain regions were lysed using regular lysis buffer as described in previous study from our laboratory (Sari et al., 2011) . Equal amounts of extracted proteins were mixed with 5 × laemmli loading dye and then were separated in 10% polyacrylamide gels. Proteins were then transferred on a PVDF membrane (Bio-Rad, Hercules, CA). Membranes were then blocked with 3% milk in TBST (50 mM Tris HCl; 150 mM NaCl, pH 7.4; 0.1% Tween 20) for 30 min at room temperature. Membranes were then incubated overnight at 4°C with one of the following primary antibodies: guinea pig anti-GLT-1 (1:5000, Millipore Bioscience Research Reagents), rabbit anti-xCT antibody (1: 1000; Abcam), and rabbit anti-EAAT1 (GLAST) antibody (1: 5000; Abcam). Mouse anti β-tubulin was used as loading control (1:5000; Cell signaling technology). After incubation with primary antibodies, membranes were then washed with TBST for five times and then blocked with 3% milk in TBST for 30 min. Membranes were further incubated with secondary antibody for 90 min at room temperature. Secondary antibodies were anti-mouse (1:5000; Cell signaling technology), anti-rabbit (1:5000; Thermo scientific) and anti-guinea pig (1:5000; Cell signaling technology). Membranes were then incubated with the SuperSignal West Pico Chemiluminescent substrate and further exposed to Kodak BioMax MR Film (Fisher Inc.); and films were developed on SRX-101A machine. MCID system was used to quantify the detected bands, and the results were presented as a percentage of the ratio of tested protein/β-tubulin, relative to ethanol-naïve (water) control groups (100% control-value).
Real-Time, quantitative PCR (RT-PCR, qPCR)
Total RNAs were isolated from the NAc and mPFC using TRizol reagent (Invitrogen# 15596-018). Reverse transcription (RT) was carried out using Thermo Scientific verso cDNA synthesis kit (cat#AB-1453/A) according to the manufacturer's protocol. The Real-Time PCR was performed using an iCycler (Bio-Rad laboratories, München, Germany) containing a reaction mixture of SYBR Green as fluorescent dye (BIO-RAD, #170-8882), a 1/20 volume of the cDNA preparation as a template and the appropriate primers for the genes of interest as shown in Table  1 . The obtained threshold cycle number (C T ) for each sample was used to compare the relative amount of target mRNA in experimental groups to those of controls using the 2 −ΔΔCT method (Livak and Schmittgen, 2001 ). Each sample was run in triplicate. The mean C T value for control gene (GAPDH) was subtracted from the mean C T value of the gene of interest to get ΔC T . The ΔC T values for the control group (ethanol-naive) were then averaged and subtracted from the ΔC T for the experimental groups to obtain the ΔΔC T . The relative fold change from control was then expressed by calculation of 2 −ΔΔCT for each sample and the results were reported as the group mean fold change ± SEM.
Statistical analyses
Two-way mixed model ANOVA with repeated measure at each time point, followed by Newman-Keuls multiple comparisons, was used to analyze drinking measurements, relative mRNA expression and Western blot data. All statistical analyses were based on a p b 0.05 level of significance. Newman-Keuls multiple comparisons test revealed a significant reduction in average daily ethanol intake in rats treated with cocaine 20 mg/kg starting on Day 3 through Day 8, compared to the saline-treated P rats. Cocaine 10 mg/kg significantly reduced average ethanol intake on Day 3, and Day 8 as compared to the saline treated rats ( Fig. 2A) .
Results
Effects of repeated
Average daily water intake
Two-way mixed model ANOVA with repeated measure at each time point revealed a significant main effect of Days [F (17, 357 (Fig. 3A) . Newman-Keuls multiple comparisons test revealed a significant reduction in relative GLT-1 mRNA expression in the NAc of rats treated with cocaine (10 or 20 mg/kg, i.p.) compared to ethanol-naïve (water control) P rats during repeated cocaine exposure (at Day 7 of repeated cocaine exposure). A significant increase in relative GLT-1 mRNA expression in the NAc was revealed in animals treated with cocaine 10 mg/kg as compared to ethanol-naïve P rats (water control) after five days of cocaine withdrawal. A significant increase in relative GLT-1 mRNA expression in the NAc was found in rats treated with cocaine (10 or 20 mg/kg, i.p.) after five days of cocaine withdrawal compared to cocaine repeated exposure (Fig. 3A, p interaction [F (3, 16) = 13.34, p = 0.0001] in the NAc (Fig. 3B) . Newman-Keuls multiple comparisons test revealed a significant increase in relative xCT mRNA expression in the NAc in animals treated with cocaine 10 mg/kg (i.p.) compared to ethanol-naïve P rats after five days of cocaine withdrawal. A significant increase in relative xCT mRNA expression in the NAc was found in animal treated with cocaine 10 mg/kg (i.p.) after five days of cocaine withdrawal compared to cocaine repeated exposure (Fig. 3B, p (Fig. 3C ). Newman-Keuls multiple comparisons test revealed a significant decrease in relative GLAST mRNA expression in the NAc in animals treated with cocaine 20 mg/kg (i.p.) compared to ethanol-naïve P rats after five days of cocaine withdrawal (Fig. 3C , p b 0.001).
Relative mRNA expression of GLT-1, xCT and GLAST in the mPFC
Two-way ANOVA did not reveal any significant difference in the relative mRNA expression of GLT-1, xCT and GLAST in the mPFC of groups during repeated cocaine exposure or cocaine withdrawal (Table 2) . Newman-Keuls multiple comparisons test revealed a significant reduction in GLT-1 expression in animals treated with saline, cocaine 10 mg/kg or cocaine 20 mg/kg compared to ethanol-naïve P rats during repeated cocaine exposure (Fig. 4A, p b 0.05) . A significant decrease in GLT-1 expression was found in the NAc in animals treated with saline compared to ethanol-naïve P rats after five days of cocaine withdrawal (Fig. 4A, p b 0.01) . treated with cocaine 10 mg/kg after five days of cocaine withdrawal compared to cocaine repeated exposure (Fig. 4B, p b 0.05) .
3.3.1.3. GLAST. Two-way ANOVA did not reveal any significant difference in the expression of GLAST in the NAc between all groups during repeated cocaine exposure or cocaine withdrawal (Fig. 4C) .
GLT-1, xCT and GLAST expression in the mPFC
Two-way ANOVA did not reveal any significant difference in the mPFC in GLT-1, xCT and GLAST expression between all groups during repeated cocaine exposure or cocaine withdrawal (Table 3) .
Discussion
In this study, we examined the effects of repeated cocaine exposure and withdrawal on ethanol intake, gene and protein expression of glial glutamate transporters in both the NAc and mPFC of male P rats. We found that voluntary ethanol consumption was significantly lower with cocaine (20 mg/kg) from Day 3 through Day 8. Since ethanol intake was significantly altered during these days, we euthanized rats at two time points (Day 7 and on withdrawal to cocaine Day 5). Alternatively, daily water intake was significantly higher with cocaine 20 mg/kg on Day 2, 3, 5, 7 and 9. This increase in water consumption might be a compensatory mechanism to maintain overall fluid balance. This robust Fig. 3 . Relative mRNA expression of GLT-1, xCT and GLAST in the NAc at two different time points (after 7 days of repeated cocaine exposure and after 5 days of cocaine withdrawal) (mean ± SEM). A) Two-way ANOVA revealed a significant reduction in relative GLT-1 mRNA expression in animals treated with cocaine (10 mg/kg, i.p.) and animals treated with cocaine (20 mg/kg, i.p.), respectively compared to ethanol-naïve P rats during repeated cocaine exposure. A significant increase was also revealed in relative GLT-1 mRNA expression in animals treated with cocaine (10 mg/kg, i.p.) as compared to ethanol-naïve P rats after five days of cocaine withdrawal. A significant increase in relative GLT-1 mRNA expression was found in animal treated with cocaine (10 or 20 mg/kg, i.p.) after five days of cocaine withdrawal compared to cocaine repeated exposure. B) Two-way ANOVA revealed a significant increase in relative xCT mRNA expression in animals treated with cocaine (10 mg/kg, i.p.) compared to ethanol-naïve P rats after five days of cocaine withdrawal. A significant increase in relative xCT mRNA expression was shown with animal treated with cocaine (10 mg/kg, i.p.) after five days of cocaine withdrawal compared to cocaine repeated exposure. C) Twoway ANOVA revealed a significant decrease in relative GLAST mRNA expression in animals treated with cocaine (20 mg/kg, i.p.) compared to ethanol-naïve P rats after five Table 2 Relative mRNA expression of GLT-1, xCT and GLAST in the mPFC at two different time points (after 7 days of repeated cocaine exposure and after 5 days of cocaine withdrawal). Data are presented as mean ± SEM. (n = 5 for each group).
Group
GLT-1 xCT GLAST
Water control group Ethanol-naive 1.002 ± 0.03 0.920 ± 0.08 1.007 ± 0.06 Repeated cocaine exposure Ethanol-saline 0.825 ± 0.09 1.078 ± 0.10 1.092 ± 0.07 Ethanol-cocaine 10 mg/kg 1.083 ± 0.11 1.030 ± 0.15 1.031 ± 0.11 Ethanol-cocaine 20 mg/kg 1.106 ± 0.06 0.686 ± 0.06 1.062 ± 0.07 Cocaine withdrawal Ethanol-saline 0.913 ± 0.07 0.885 ± 0.15 0.996 ± 0.06 Ethanol-cocaine 10 mg/kg 1.034 ± 0.06 0.891 ± 0.09 1.066 ± 0.09 Ethanol-cocaine 20 mg/kg 1.118 ± 0.08 1.075 ± 0.14 1.042 ± 0.12 increase in water consumption is parallel to the reduction in ethanol intake, which is in agreement with previous studies from our lab and others that observed a surge in water intake by P rats during alcohol deprivation period or after β-lactam treatment (Bell et al., 2008; Rao et al., 2015) . The current ethanol drinking results differ from previously published reports showing that acute/chronic cocaine exposure increased voluntary ethanol consumption and ethanol self-administration (Ikegami et al., 2002; Knackstedt et al., 2006; Hauser et al., 2014) . However, studies reported that repeated systemic injections of 50 mg/kg cocaine daily for one week decreased ethanol consumption, while repeated systemic injections of 10 mg/kg cocaine daily for one week had no effect on ethanol consumption (Uemura et al., 1998) . Another study revealed that pretreated rats with six injections of 10 mg/kg cocaine, spaced by 3-day interval, subsequently allowed access to ethanol intake in an unrestricted free-choice had no effect on ethanol consumption (Cailhol and Mormede, 2000) . However, acute cocaine injection at dose of 10 mg/kg or 2.5 mg/kg has been shown an increase in ethanol consumption 2 and 6 h post-cocaine injections (Cepko et al., 2014) . The discrepancy of these results might be due to the accessibility of ethanol and the tested doses of cocaine. Most of the previous studies had limited access to ethanol while our present study had 24 h access to ethanol during cocaine exposure. These findings are in agreement with a previous study demonstrated that continuous access to ethanol reduced the amount consumed per drinking episode compared to limited access on ethanol self-administration (Files et al., 1994) . Importantly, ethanol intake was not significantly altered from Day 9 through Day Fig. 4 . GLT-1, xCT and GLAST expression in the NAc at two different time points (after 7 days of repeated cocaine exposure and after 5 days of cocaine withdrawal) (mean ± SEM). A) Twoway ANOVA revealed a significant reduction in GLT-1 expression in animals exposed to either ethanol alone or in combination with cocaine 10 mg/kg or 20 mg/kg compared to ethanolnaïve P rats during repeated cocaine exposure. A significant decrease in GLT-1 expression was also revealed in animals exposed to ethanol as compared to ethanol-naïve P rats after five days of cocaine withdrawal. B) Two-way ANOVA revealed a significant reduction in xCT expression in animals exposed to either ethanol alone or in combination with cocaine 10 mg/kg or 20 mg/kg as compared to ethanol-naïve P rats during repeated cocaine exposure. A significant decrease was also revealed in xCT expression in animals exposed to ethanol compared to ethanol-naïve P rats after five days of cocaine withdrawal. C) Two-way ANOVA revealed a non-significant effect of either ethanol exposure alone or combined with cocaine 10 mg/kg or 20 mg/kg on GLAST expression ( Table 3 GLT-1, xCT and GLAST expression in the mPFC at two different time points (after 7 days of repeated cocaine exposure and after 5 days of cocaine withdrawal). Date are expressed as mean ± SEM. (n = 5 for each group).
Group GLT-1 xCT GLAST
Water control group Ethanol-naive 100 ± 0.00 100 ± 0.00 100 ± 0. 12 indicating neuroadaptations due to a repeated non-contingent cocaine exposure. These findings are in agreement with previous reports, which revealed that repeated cocaine exposure caused behavioral sensitization due to changes in glutamatergic transmission in the NAc and PFC [for review see (Vanderschuren and Kalivas, 2000) ].
The voluntary ethanol intake alone or combined with repeated cocaine exposure (10 or 20 mg/kg, i.p.) caused significant downregulation of both gene and protein expression of GLT-1 and xCT in the NAc. GLAST gene expression was significantly downregulated with cocaine 20 mg/kg after cocaine withdrawal in the NAc. The protein expression level of GLT-1 and xCT in cocaine-treated group was not significantly different from ethanol drinking group as compared to ethanol naïve group. These findings suggest that repeated cocaine exposure during voluntary ethanol drinking had no additive effect on gene/protein expression of GLT-1 and xCT in the NAc. It is noteworthy that cocaine self-administration has been shown to downregulate protein expression of both GLT-1 and xCT in the NAc (Sari et al., 2009; Knackstedt et al., 2010a; Knackstedt et al., 2010b; Reissner et al., 2015) . Similarly, voluntary ethanol drinking for five weeks also downregulated protein expression of both GLT-1 and xCT in the NAc. However, we did not find any additive effect of cocaine on ethanol-induced downregulation of GLT-1 and xCT. Nevertheless, Western blot and RT-PCR do not measure the functional activity of glutamate transporters. Further studies are needed to examine the effect of cocaine and ethanol co-exposure on the activity of glial glutamate transporters and glutamate level in the NAc and mPFC of P rats. There might be differences in the drug exposure methods. It has been shown that contingent rather than non-contingent drug exposure has a distinct neurochemical changes in mesolimbic system (Lecca et al., 2007; Lominac et al., 2012) . Findings have shown that repeated cocaine (20 mg/kg, i.p.) injections for seven consecutive days followed by a drug-free (withdrawal) period of 10 days did not affect either GLT-1 or GLAST expression level in the dorsal striatum (Parikh et al., 2014) . Several studies confirmed that environmental factors and cues are important in the modulation of cocaine ability to elevate extracellular glutamate concentration in the NAc (Hotsenpiller et al., 2001 ). The voluntary ethanol intake alone or combined with repeated cocaine exposure (10 or 20 mg/kg, i.p.) caused no significant downregulation of both gene and protein expression of GLT-1, xCT or GLAST in the mPFC. These findings are in agreement with previous data that showed neither ethanol nor cocaine downregulated GLT-1 in the PFC (Sari and Sreemantula, 2012; Reissner et al., 2014) .
During cocaine withdrawal period, the protein expression of GLT-1 and xCT in cocaine-treated groups were not significantly different from ethanol-naïve group in the NAc and mPFC. Animals treated with cocaine (10 mg/kg, i.p.) showed a significant increase in protein/gene expression of GLT-1 and xCT compared to saline treated animals in the NAc but not mPFC. GLT-1 and xCT expression levels were increased during cocaine withdrawal compared to cocaine repeated exposure group. However, there is little known about the effects of the co-abuse of cocaine and ethanol on several target systems in the brain. Moreover, to the best of our knowledge, there is less studies about the effect of co-exposure of cocaine and ethanol on the glutamatergic system. The expression level of GLAST in either cocaine or saline treated groups was not significantly different as compared to the ethanol naïve group in the NAc and mPFC during repeated cocaine exposure and withdrawal to cocaine period. Previous studies have suggested that repeated cocaine exposure causes hyper-excitability state in the mPFC (Nasif et al., 2005) . Glutamate release in the mPFC was increased in rats after 1 and 7 days of repeated cocaine exposure and returned to the pre-cocaine exposure level after 30 days of withdrawal (Williams and Steketee, 2004) .
In conclusion, this study revealed that repeated cocaine exposure at higher dose decreased ethanol intake. Ethanol exposure decreased protein and gene expression of both GLT-1 and xCT in the NAc, but not the mPFC, regardless of cocaine co-exposure, but only after seven days of continuous cocaine exposure. However, we revealed here that only the combination of ethanol and cocaine at higher dose had an effect on GLAST gene expression at Day 5 of withdrawal of cocaine in the NAc but not mPFC. We suggest that the anatomically differential effects of co-abuse of ethanol and cocaine might be associated with complexity of neurocircuitry and drug interaction between the two drugs.
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